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W O N I C  VIBRATION TESTING OF NON-LINEAR 
AIRCRAFT STRUCTURE 

C. Beatrix 

ABSTRACT. R e a l i s t i c  v ib ra t ion  t e s t ing  methods f o r  
a i r c r a f t  s t ruc tu res  i n  the  presence of dry f r i c t i o n  are 
discussed 

I. INTRODUCTION 

S t ruc tu ra l  non- l inear i t ies  of a i r c r a f t ,  encountered ch ief ly  i n  t h e  s t ee r ing  /58* 

gear  of l i g h t  planes,  and t h e i r  e f f e c t s  on predic t ion  of t he  c r i t i ca l  ve loc i ty  

of ae roe la s t i c  i n s t a b i l i t y  have already been t r ea t ed  i n  severa l  papers i n  

La  Recherche Aerospatiale [l, 2, 31. 

These'non-linearities are produced e s s e n t i a l l y  by "dry" f r i c t i o n  i n  the  

s t ee r ing  gear  of t he  cont ro l  surfaces.  

have t h e  e f f e c t  of a conspicuous non-linear s t i f f n e s s  i n  the dr ive of t he  con- 

t r o l  surfaces.  Thus, during harmonic v ib ra t ion  t e s t i n g  i t  is  d i f f i c u l t  t o  

ob ta in  a homogeneous l i n e a r  configuration, and even i f  t h a t  d i f f i c u l t y  is  

resolved, i t  i s  not ce r t a in  t h a t  such a configurat ion w i l l  represent the air- 

craft with the  in- f l igh t  load f a c t o r  - f o r  example, deformation of a cont ro l  

sur face  by a s t a t i c  load can "line up" t h e  bearings,  and s o  suppress some of 

t h e  f r i c t i o n .  Consequently, t h e  harmonic v ib ra t ion  test must character ize  

t h e  s t ruc tu re  not  only as it is  a t  t he  time of manufacture, but  a l so  i n  the  

" f r ic t ion less"  s ta te  which i t  w i l l  reach e i t h e r  under load, o r  a f t e r  a c e r t a i n  

number of hours of f l i g h t  time. 

The d i f f e r e n t  "thresholds" which resul t  

* Numbers i n  the  margin ind ica t e  pagination i n , t h e  o r i g i n a l  foreign text. 
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To solve t h i s  double problem t h e  v ib ra t ion  test must be run on a 

s t ruc tu re  which has been modified so  t h a t  t he  dry f r i c t i o n  i s  negl ig ib le .  

Sometimes t h i s  can be accomplished by minor technica l  modifications,  but  i n  

most cases these  modifications,  i n  addi t ion  t o  being e a s i l y  revers ib le ,  must 

be e f f ec t ive ,  f o r  example: 

- loosening t h e  cont ro l  sur faces  from t h e i r  s teer ing  gear;  
- locking t h e  kinematics of t h e  cont ro l  surfaces;  

- modifying the  balance of t he  cont ro l  surfaces;  

- superposing model c h a r a c t e r i s t i c s  of the  s t r u c t u r e  without cont ro l  
surf  aces and s t ee r ing  gear  ("branch-mode" method) . 

The first so lu t ion  is t h e  most simple technical ly ,  but it is  sometimes not  

very e f f ec t ive ,  espec ia l ly  f o r  f r i c t i o n  local ized i n  t h e  bearings o r  i n  t h e  

hype r s t a t i c  l inkages.  The last  two so lu t ions ,  a s ide  from being complicated, 
~- 

make in t e rp re t a t ion  d i f f i c u l t .  

This i s  why t h e  second so lu t ion  is of ten  used. 

It can be done r e l a t i v e l y  simply, and s o  the re  i s  no p a r t i c u l a r  d i f f i c u l t y  

i n  returning the  s t r u c t u r e  t o  i t s  i n i t i a l  state, o r  i n  determining t h e  i d e a l  

f r i c t ion le s s"  s t ruc tu re .  Nevertheless, there  have sometimes been e r r o r s  i n  

performance and in t e rp re t a t ion .  For t h i s  r e a s o n , ' i t  i s  usefu l  t o  def ine t h e  

circumstances of i t s  appl ica t ion  by an example representing a s t ee r ing  gear  

f o r  an e leva tor  cont ro l  system. 

I t  

11. REPRESENTATION OF A STEERING GEAR WITH 
TWO DEGREES OF FREEDOM, LOCKING OF ONE 
DEGREE OF FREEDOM. 

L e t  a representat ion of an e leva tor  cont ro l  system (Figure 1) cons is t  of:  

- a cont ro l  sur face  with i n e r t i a  11, turning about an axis O1 f ixed  

with respect  t o  the  s t ruc tu re ;  pos i t ion  va r i ab le  X 

which appears as a s t i f f n e s s  torque Co; 
on t h i s  axis is  f r i c t i o n  1; 
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Figure 1. Diagram of a control  system f o r  an elevator  
control  system. 

This e r r o r  approaches.zero when q ( i . e . ,  the  s t i f f n e s s  K) approaches 

h19 and i n f i n i t y ;  X2 then have the  l i m i t s  - 
25 

and i n f i n i t y ,  respectively.  

Case V2 

I n  t h i s  case, the  smallest  e r ro r  with respect t o  the  f r i c t i o n l e s s  system 

occurs i n  the  harmonic E 

K approaches i n f i n i t y :  

t h i s  e r r o r  approaches a f i n i t e  nonzero value when 2; 

111. 111. CONCLUSION 

Although the  preceding - example i s  highly schematic, i t  shows t h e  advantages 

2 '  of Case V over Case V 1 

It is  seen t h a t  i n  the  f i r s t  case,  the  r e l a t i v e  error  i n  the fundarpental 
1 

frequency with respect  t o  the  f r i c t i o n l e s s  system approaches zero a s  - 
n2 - -  
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f o r  l a rge  values  of 0 ,  whereas t h e  smallest e r r o r  i n  t h e  second case (E: ) 

approaches a nonzero value. 
2 

Consequently, locking t h e  s t ee r ing  gear  t o  a f ixed  point  of the s t ruc tu re  

and more accurate ,  and accomplishes the  purpose of making t h e  is  more e f f e c t i v e  

p a r a s i t i c  s t i f f n e s s  due t o  f r i c t i o n  neg l ig ib l e  with respect  t o  t h e  modification 

of t h e  s t i f f n e s s  introduced by the  supplementary connecting rod. 

Whatever the  so lu t ion  adopted, it i s  necessary during t h e  harmonic v ib ra t ion  

test t o  know both t h e  s t i f f n e s s  K of t h e  locking rod (which can be obtained by a 

very simple preliminary t e s t )  and t h e  displacements 6i of the  ends of t h e  rod 

i n  d i f f e r e n t  modes. 

[y] by a matr ix  -K[A], of which t h e  i, j term is  - K6i6 j, and thus t h e  proper 

modes of t he  f r i c t i o n l e s s  s t ee r ing  gear  - can be determined. 

This w i l l  permit correct ing t h e  generalized s t i f f n e s s  matrix 
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